























y ncreasing intensity of deformation from west to
ast across the area.

The semipelitic to psammitic schists are c~nfined to
‘he eastern part of the area, where they exhibit upper
ireenschist to amphibolite facies mineral assemblages. These
‘ocks are polydeformed and faulted aéainst the gneisses to
:he west.

The granitic intrusions occur within the gneisses
nly. They contain no evidence of the early granulite facies
letamorphic event present in the host gneisses, and are
‘or the most part massive.

The gneissic rocks are interpreted as Grenvillian
nliers(basement), and are correlated with similar rocks
»f the Grenvillian Indian Head Complex,nearby to the west.
'he limestones, phyllites, and polydeformed schists are
.nterpreted as a cover sequence . affected by Paleozoic
leformation, which also involved the basement gneisses and
wafic dykes. The granitic bodies are.interpreted as later
.ntrusions, possibly related to Taconic or Acadian orogenesis.
'he stratigraphic and orogenic development of the area can
e related to the formation of the Late Precambrian contin-
:ntal margin of eastern North America, and its Paleozoic

lestruction.
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Numerous roads branch from these major logging roads, but
are passable by car. Small boats may be launched on Grand
»;, at the Camp 33 site, giving access to the northeast margin
:he map area.

Stephenville and Corner Brook are the major nearby popula-
. centers(see figure —1). Stephenville Crossing, Gallants
Spruce Brook are smaller towns along the Canadian National
.way line crossing the area(see figure —-1). The major
iIstries in the area are.logging and to a lesser extent,
1ing.

Deer Lake, about 50 kilometers to the northeast of Corner
vk along Route #1(see figure -1), and Stephenville, both
» airports with regular passenger service. Floatplanes may
‘hartered at Pasadena near Deer Lake, and at Pinchgut Lake

iIg Route #1.

Climate and physiography

The summer climate is mild, temperatures ranging between
1d 23 degrees celcius, combined with westerly winds. The
j Range Mountains, however, seem to trap the bad weather from
coast, and rain and fog are frequent especially in the spring.
i1st and September have the best weather for field work.

Most of the map area is dominated by north-south trending
jes of the Long Range Mountains. These form a dissected
:eau with an average elevation of 500 meters. Individual
:s may reach 600 meters in elevation, while the wvalleys have
wwverage elevation of 320 meters, yielding a relief of about

meters. The ridges are in all cases rounded on top, and
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est flank is commonly steeper thw... the east flank. The
ys are, in most places, boggy with numerous small ponds.

topography reflects major faults which are common in the

The northwesternmost part of the map area is slightly lower
raphically. The marked north-south trend of the ridges to
outheast is less pronounced here, and the terrane is more
cky. Here again, the west flanks of the hills are
er than the east flanks. This terrane comes to an abrupt
o the west at a north-south trending cliff, beyond which
lat boglands of roughly 250 meters elevation.
The east-west arm of Grand Lake, and the Bottom Brook valley,
major east-west depressions within the map area. These

at elevations of 100 and 40 meters respectively, and are
lower than tha north-south trending valleys of the di§~
d plateau.
The majority of the area is covered by spruce forests with
11 amount of birch. Most ridges are bald on top wifh a
halo of tuckamore in the upper slopes{ The eastern part
e map area 1is covered by virgin forest. The western part,
er, has been logged within the last 10 years, making it
cult to traverse. Abandoned roads, haul-off trails, and
tops provide the easiest traversing routes there.

The drainage system of the area is immature,possibly as a
t of glaciation. It consists mainly of small brooks draining
bogs and ponds. Most of the runoff flows south into

m Brook and westward into St. Georges Bay. Minor brooks

smaller watersheds flow into Grand Lake to the north and
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ault, a major feature extending from Port aux Basques north-
ast to White Bay in Newfoundland. South of Grand Lake this
ine swings sharply east and felsic rocks and granite plutons
ccur on the east side of the Cabot Fault.

Figure -3 shows a possible facies reconstruction of the
ithologies present within the map area before the destruction
f the ancient continental margin of North America. The Gren-—
‘illian inliers form a rifted basement upon which eastward
hickening clastic cover rocks of the continental slope were
eposited. These include greywacke derived from the rifted
asement as well as deep sea pelitic sediments to the east.

'he mafic dykes and plateau basalts were probably deposited
uring this initial rifting phase. As the margin continued to
.evelop, the carbonate bank was formed along with a bank edge
reccia at its eastern margin. This cut off the source of
:oarse clastics to the west(craton), and a thin pelitic sedi-
ientary layer accumulated to the east of the bank on rift related
lastics or on new dceanic lithosphere (Iapetus Ocean). -

Much of the metamorphism and structure present in the
tudy area, as well as in the Humber zone in general, is related
0 the Early Ordovician Taconic Orogeny, which marked the
lestruction of the ancient continental margin of eastern North
merica and closing of the Iapetus ocean.  Earlier structure
nd metamorphism(Grenvillian or older) are present in the Gren-
'ille inliers, although in places these are masked by later
leformations.

The Taconic Orogeny involved the displacement of qceanic

.ithdsphere(i.e. emplacement of the Humber Arm and Hare Bay












FIGURE —5.Stratigraphic relationships in the
Stephenville and Grand Lake areas
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results are compared with changes in metamorphism and
unctural styie across the better known Grenvillian inliers
the Berkshire and Reading Prong massifs in the New
land Appalachians.

Rough structural and petrological descriptions are
luded here, but it should be remembered that the main
us of the work lies in regional field mapping, and that
h detailed follow-up work is now required in light of the
ults obtained.

Field work

The field work for this thesis was done during the
ths of June through August, 1978. An area of about 195
are kilometers was mapped during this period.

Most of the area is covered by a thin veneer of till,
exposures, which form less than about 5 percent of the
face area, occur mainly in stream beds, along ridge tops,
ng logging roads and haul-off trails, and along the shore
Grand Lake.

Exposures along the shore of Grand Lake were mapped
ng a small boat, and with the help of E. Stander. Most
er field work was done indepenaently. The data was plotted
1:50,000 scale topographic maps. Black and white air photos
the area are available, but these are 11 years old, and
not show the main logging roads or recent features.

Terminology

ation names:

The thesis map area contains very few location names
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IX. GENERAL GEOLOGY

Introduction

'he study area consists of a carbonate sequenée forming
of the western Newfoundland Lower Paleozoic carbonate
form in the west, and crystalline rocks forming part of
Fastern Margin Metamorphic Rocks in the east.

'he carbonate sequence is mainly limestone, dolostone,
narble, with phyllite at the base of the section. The
>nates are a tightly folded and mildly recrystallized
valent of the little—-deformed St. George Group and Table
Formation to the west near the Port au Port Peninsular
2v,1962). The phyllite at the base of the sequence is
athward continuation of the Grand Lake Brook Group to
north of the study area(¥lalthier,1949), in turn possibly
valent to the Kippens, March Point and Petit Jardin
ations to the west near Stephenville(see figure -5).

The crystalline rocks to the east are in faulted contact
the carbonate sequence and consist mainly of poly-

rmed and metamorphosed felsic gneisses and schists.

2 are subdivided into the Long Range Complex and Loon
metasediments.

The Long Rangé Complex contains, granitic and hornblende-
iloclase gneisses, calc—-silicates interlavered with
tzites, and anorthositic rocks including anorthosite

ro and pvroxenite. Relict granulite facies mineral
nblages partially retrogressed during Paleozoic deformation

r locally within the granitic gneisses. The occurrence
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‘arther east; the rocks of the carbonate sequence are

posed with gneisses of the Long Range Complex by a major

east trending fault forming the southward continuation

e Grand Lake Thrust(Williams,1978). The gneisses to the

of this fault contain mainly bioti.e to garnet zone

ischist facies assemblages(with locally occurring relict

1lite facies assemblages) in the west, to amphibolite

's assemblages in the east. The same metamorphic variation

weloped within mafic dvkes that cut the gneisses.

s well as varying in intensity across the area, the meta-

iic minerals define a major northeast striking south-

dipping foliation axial planar to a set of folds,both of whi-~h

est developed in the east. A related northeast striking

least dipping schistosity defined bv upper greenschist to
amphibolite facies assemblage minerals, with associated

i, 1s also developed in the Loon Pond Metasediments in

rast of the map area.

'he eastern boundary of the map area coincides roughly with

‘abot Fault(Wilson,1962; WebE1969;Williams,Kennedvy and MNeale, 1970)

1@ northeast of the study area, this fault forms a north-

i trending fault zone intruded by granite (Knapp,Xennedy

lartineau,1979) which separates metasediments to the_

from lower grade maficvvolcanics of the Dunnage zone to

rast. The Humber—Dunnége zone boundary, the Baie Verte-

yton line(Williams and St-Julien,1978) is nearly coincident
the Cabot Fault in the northeast of the map area, but

'ges sharply east in the vicinity of Little Grand Lake and

ward. The latest movement along the Cabot Fault occurred in

larboniferous, since the fault displaces rocks of this
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IV METAMORPHIC GEOLOGY

IV-1 Introduction.

The units within the map area vary in metamorphic grade
from énmetamorphosed to lower greenschist facies in the west,
to amphibolite facies in the east. No isograds are located,
however, because of the abundance of faults within the map area.
™ general southeastward increase in Paleozoic metamorphic grade
; present, however, and is documented here. Aside from faulting,
10thexr problem in describing the metamorphism for the area,
;s the fact that most of the rocks are quartzo-feldspathic
1ich are rélatively insensitive to pressure-temperature changes.

The limestones and dolostones which form unit 4 show in-
reasing crystallinity toward the Grand Lake Thrust, but are poor
1 dicators of metamorphic conditions west of the thrust.
)rtunately,unit 3, the Grand Lake Brook Group(which also lies
1 the west side of the Grand Lake Thrust) is of pelitic compo-
.tion and forms an ideal indicator of metamorphic conditions
' the west side of the fault, permitting comparison of the
tamorphic conditions on both sides of the thrust.

The units are described in individual groups. These are:
1e Long Range Complex, the Loon Pond metasediments, the Grand
ike Brook Group, and the intrusive rocks. A generai synthesis
! the metamorphic events for the entire area followé.

!

7-2A Metamorphism in the Long Range Complex, Intfbduction

Metamorphic assemblages within the Long Range Complex vary

rom the lower greenschist to granulite facies. The granulite
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facies. A new metamorphic event may, therefore, be represented
here.

Finally ( as in the case of the northwest domain) a late

greenschist facies retrogression may be indicated by the forma-
tion of chlorite patches on some biotite and hornblende grains
and the formation of 2 millimeter large, decussate biotite

porphyroblasts.

IV-3 Metamorphism in the TLoon Pond Metasediments

Most of the data on the metamorphism of this unit is based
on observation of the section exposed on the south shore of
Grand Lake. Consequently no detailed account can be given here.

The Loon Pond metasediments were metamorphosed to the upper
greenschist to lower amphibolite facies. Evidence of a later
partial retrogression of the mafic phases to chlorite is
present, as is the case for the Long Range Complex.

Assemblages noted are: calcite, quartz, biotite, and mus-
covite for the calcarious sub-unit 2a in the west, and quartz,
biotite, muscovite, garnet and an amphibole in the semi-pelitic
to psammitic sub-unit 2d in the east. In the first case (in
the west) all minerals are oriented such that they define a
foliation. In the second case (in the east) biotite,. muscovite,
and the amphibole are oriented such that they define a foliation,
but quartz and garnet have equant shapes and are poréhyroclastic.
Porphyroblastic garnets occur within similar rocks'horth of
Grand Lake, but in this case are affected by a lgéér crenulation
cleavage which is associated with partial retrogression to form

chlorite (D. Kennedy, pers. comm., 1979). The amphiboles in
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in plagioclase(although these may have been produced during

the event which altered the earliest assemblage).

In the southeast, the dykes contain the same primary
assemblage as do those in the northwest. Théfblagioclase
grains show the same general features as those described above,
but two generations of hornblende are present. The earlier
hornblende is corroded and is xenoblastic. These hornblendé
grains are equated with the rimmed hornblende in the northwest,
although in this case, no fresh rims are developed. The later
generation of hornblende consists of fresh idioblastic grains
which define a foliation(plate -16). These are correlated
with the hornblende rims and foliated biotite in the dykes to
the northwest.

Biotite in the dykes to the southeast, consists of sagenitic,
descussate, latn shaped grains which are pleochroic in shades
of brown. Chlorite, here is developed on some hornblende grains
as is the case in the dykes to the northwest. The biotite
and chlorite may be correlative with the later biotite and
chlorite in the dykes to the northwest.

It appears, therefore, that both northwest and southeast
type dykes have a similar history. This‘involves the partial

retrogression of the early assemblage of plagio-

clase and hornblende, followed by a metamorphic event'producing
foliated hornblende in the southeast and fcliated b?o&ite grains
and hornblende rims in the northwest. The observed'aifference
in phases from southeast to northwest indicates théé this meta-
norphic event was more intense in the southeast.

The origin of the epidote, clinozoisite, calcite and seri-

>ite, associated with the plagioclase is unknown. They may have
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formed from the plagioclase during the alteration of the earliest
assemblage (igneous or metamorphic), or during a¢1ater partial
retrogression. However, since a similar grade assemblage
occurs within the host hornblende—plagioclasé‘gneisses in the
southeést of the mép area, where it is shown to post-date an
amphibolite facies mineral assemblages (seé section IV-2), it
is likely that the greenschist facies mineral assemblage in
the dykes, similarly, post—-dates the latest hornblende genera-
tion in these (dykes).

These events were followed by a late partial retrogression
which produced decussate sagenitic biotite and chlorite
patches in both sets of dykes. This retroéression could be

related to a possible late retrograde event noted in the Long

Range Complex (see section IV-2B, C).

IV-6 Metamorphic synthesis

A possible metamorphic history for the study area and
the relation of this to its structural history is given here.
This data is summarized in figure =15, which gives possible
ages and evidence for these metamorphic events.

The oldest metamorphic event recognized in the area is
that which produced the relict augen texture and mineral segre-
gation in the gneisses of the northwest domain (see sSection IV-2).
Associated with this metamorphic event are the granylites at
"Disappointment Hill", and possibly the oldest plaéioclase—
hornblende assemblage found in the southeast domain gneisses.
This metamorphic event (M1l) is probably a Grenvillian feature

related to the development of the gneissosity in the gneisses
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In conclusion, possibly four metamorphic events may be
represented in the area. The earliest of these is restricted

to the Long Range Complex and related to the'development of

the gneissosity in these rocks. This metamorphism locally
attaiéed granulite facies conditions and is most reasonably
interpreted as a Grenvillian feature.

This earliest metamorphic event was followed by a Paleozoic,
middle greenschist (in the northwest) to amphibolite facies
(in the southeast) metamorphic event, forming a fabric related
to Paleozoic folding with northeast trending axes (see section
III-8). The intensity of metamorphism associated with this
metamorphic event dies out tb the northwest; This is consistent
with the associated structures, which die out rapidly to the
northwest within the basement gneisses; although related folds
and foliations may be developed within the less competent
cover units (map units 3 and 4) to the west, across the
Grand Lake Thrust. The metamorphic grade associated with these
structures here is of the lower greenschist facies, further
supporting the postulated northwestward decrease in intensity
for this metamorphic event.

Finally, possibly two Paleozoic retrogressions occurred,
the earlier involving the development of middle greenschist
facies assemblages 1locally defining a foliation, and the later
involving lower greenschist facies alteration and l&cally
decussate biotite. The effect of these events on ﬁhe units
west of the Grand Lake Thrust are unknown if any;-since these

units show chlorite zone mineralogy only (with no evidence of

relict higher grade assemblages).
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V  COMPARISON OF THE GRENVILLIAN ROCKS OF THE

MAP AREA TO AREAS OF SIMILAR GEOLOGIC SETTING

V-1 Introduction

Inliers, like the Long Range Complex of the map area,
OCCUJ the entire length of the Appalachian system. In Newfoundland,
other inliers are the Long Range Mountains of the Great Northern
Peninsula, the Indian Head Complex, and the Steel Mountain
anorthosite. To the south, other inliers are gneisses of the
Green Mountains of Vermont, the Berkshire, Housatonic, New Milford
.and Hudson Highlands massifs of the northern United States,
and the Blue Ridge massif of the southern United States. A
slice of basement, imbricated within the internal domain of
the Quebec Appalachians at Saint Malachie, may be included within
this group(Vallieres, Hubert and Brooks,1978). Figure -16
shows the distribution of these along the 2ppalachians.

The above massifs are part of the Grenville Province of
the Canadian Shield, exposed in horsts or anticlines within
the Appalachians. Many of these contain similar tectonic features,
implving a common origin. The map area is, here, compared to
three of these massifs ( the Indian Head, Reading Prong, and
Berkshire massifs ) in an attempt to substantiate the results
obtained in this study as well as to speculate on the origin
of some features in the map area by analogy with similar features

+

to the south.

V-2A The Indian Head Complex, Introduction -

The Indian Head Complex occurs to the west of the map area,

near Stephenville(see figure -17). It forms a ridge composed
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of Grenvillian crystalline rocks unconformably overlain by
relatively undeformed and unmetamorphosed Early Paleozoic
sedimentary rocks (indicating that the complg? has sustained
very little Paleozoic deformation), and unconsolidated recent
sediments (glacial outwash). The ridge extends from Indiah
Head on St. Georges'Bay; from which it gets its name, north-

eastward for 16 kilometers, and has a width of roughly 2 kilo-

- meters,

The crystalline rocks of the Indian Head Complex have been
isotopically dated(Lowden,19€l; Dallmeyer,1978) as Precambrian
in age. They occur about 15 kilométers to the west of the west-
ernmost occurrence of crystalline rocks in the map area, and
resemble some of the gneissic units described earlier.

Reconnaissance mappiﬁg and sampling of the Complex was
done in an effort to compare, and possibly correlate, these
dated gneisses with similar rocks occurring in the map area.

No map of the Indian Head Complex can be produced from this
brief effort, but a rough description of the complex follows.

The data for this section comes from the author's personal
experience, as well as from earlier pubklished data on the
complex (Eeyl and Ronan,1954; Riley,1962; Colman-Sadd,1969).
Figure -18 is a sketch map of the southern part of the-Indian

Head Complex, where most of the work has been done.

V-2B General geology of the Indian Head Complex

The contacts of the Indian Head Complex with the surrounding
sediments are faulted or unconformable. To the north, the complex
is flanked by rocks of the Xippens Formation which contains

mainly sand-
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stone at the base, and shales interbedded with limestones
:ontaining Lower Cambrian fossils(Walthier,1949) toward the
top. To the south, the complex is flanked by recent uncon-
solidated sediments, and around the edge ofukotheéay Bay, by
narrow outcrop of the Carboniferous Codrov Group.
The complex has been mapped in detail in the.south, wheré
ccess 1is relatively easyv and exposures are good. To the north,
access is difficult and exposures occur only at the tops of
idges, therefore little is known of this part of the complex.
Rock types occurring within the complex are; gabbro,
anorthosite, felsic gneisses, and granitic pegmatite, all of
which are Grenvillian, and Late Precambrian to Early Paleozoic
afic dykes. The granitic pegmatites and mafic dykes were
never seen by the author, but are described by previous workers
Heyl and Ronan,1954; Colman-Sadd,1969). The relationships
between rock types are, for the most part, unknown.
The southern part of the Indian Head Complex is composed
ainly of anorthosite rimmed by gabbro(see figure -18).
ne gabbro is intruded by anorthosite, pegmatite, and mafic
dykes, and is probably older than the anorthosite which it rims.
It has bheen interpreted as a marginal chill zone phase of the
magma from which the anorthosite differentiated(Heyl and Ronan,
1954) . The anorthosite forms cliffs at the tip of Indian Head.
It is coarse grained(with plagioclase crystals up t6115 centi-
meters long) and has an ophitic texture, exceot at!its boundaries
where it is finer grained and altered. R N

The felsic gneisses occur commonly within the central

and northern parts of the complex. Some of these gneisses
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contain the same mineralogy and textural variations as the
granitic gneisses of the northwest domain of tﬁe map area
(augened, pinstriped, banded, and locally massive or mildly
foliated). Locally, these contain two foliéfions(l—gneissosity
and i—oriented mafics). The lack ©f recognizable metamorphism
in the Paleozoic cover, here, implies polydeformatidn of these
basement gneisses prior to the’?aleozoic deformation described
to the east in the map area.

The mafic dvkes were not seen by the author, but have
been reported by previous workers (Heyl and Ronan,1954; Colman-
Sadd,1969). These are unfolded, contain plagioclase and pyro-
xene, and form an ophitic texture.indicating that these are
probably igneous phases. The dykes commonly show partial

alteration of these phases to greenschist facies mineral

assemblages.

IV-2C Indian Head Complex, Conclusion

The rocks of the Indian Head Complex are comparéble to
those of the Long Range Complex of the study area. On a large
scale, both massifs consist of anorthositic rocks in the south
(map unit 14 in the study area and the gabbro and anorthosite
in the Indian Head Complex) and dominantly felsic gneisses in
the north. Pegmatitic veins and felsic and mafic dvkes are
common to both. ;

The granitic gneisses of the Indian Head Compiex and the
northwest domain of the Long Range Complex have;similar textures
and mineralogy. These generally contain relict granulite facies

mineral assemblages, now partially retrogressed, and textures
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varying from locally massive to augened to pinstriped(locally
containing two foliations). The comparison, hd@ever, does

not hold so well with the gneisses of the southeast domain

‘which contain a dominant northeast striking”%abric, and associated
folds! These southeast domain gneisses are juxtaposed with
polydeformed and metamorphosed cover sediments which also contain
a northeast fabric, however, compafed to the Indian Head gneisses
which are unconformably overlain by gently folded relatively
unmetamorphosed cover sediments. The differences between

these gneisses is interpreted as reflecting differing degrees of
overprinting by the Paleozoic deformations.

The mafic dykes in both massifs are confined to the base-
ment lithologies, have northeast trends, and are probably related.
In the Indian Head Complex, these dykes contain relict pyroxene
and plagioclase forming an ophitic texture, now partially
retrogressed to greenschist facies mineral assemblages. This
indicates that these dvkes post—-date the Grenvillian meta-
morphism, and serve as convenient recorders of the Paleozoic
deformation of the area(since they don't intrude the cover and
therefore pre-date it).

The relict pyroxene and plagioclase (forming an ophitic
texture) developed in the mafic dykes of the Indian Head Complex,
implies that the early hornblende-plagioclase assemblage in
those of the Long Range Complex is probably a metmndrphic one,
and that the deformational history given in chapte? IV is an over
simplified one. Furthermore, the Paleozoic greenschist facies
event which caused alteration of the mafic dykes in the Indian

Head Comvlex, probably does not account for all the retrograde
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assemblages developed in the other lithologies, and sbme of
these are almost certainly of Grenvillian age.' The same 1is
certainly true for the Long Range Complex, and the retrograde
assemblages noted in the northwest domain ﬁ;y represent any
or afl of the Grenvillian, and two Paleozoic greenschist facies
retrogressions (indicated by the mafic dykes and co&er units) .
In the southeast domain, however, the assemblages can be shown
to be Paleozoic in age, since they form a northeast trending
fabric(with related folds) developed in both the dykes and
the cover units.

The major differences between the two massifs are the
greater alteration of the mafic dvkes in the study area(from
partially altered igneous mineralogy in the Indian Head Complex
to amphibolite facies mineral assemblages defining a fabric
in the southeast of the study area), the lack of massive felsic
intrusions in the Indian Head Complex, and the more intense
folding and faulting present in the study area. All are inter-
preted as Paleozoic features.

It seems likely, therefore, that the Long Range Complex
is correlative with the Indian Head Complex, and forms a Gren-
villian basement inlier. The correlation, however, is best
between the Indian Head gneisses and northwest domain gneisses
(of the Long Range Complex), because of the increasing intensity
of Paleozoic deformation to the southeast(which sighificantly
overprinted the southeast domain gneisses). The increasing
alteration of the mafic dvkes, and increasing ipéénsity of
folding and metamorphism in the cover units, from the Indian

Head Complex in the northwest to the southeast margin of the

studyv area, supports this interpretation.
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-3 The Reading Prong massif

-

The Reading Prong massif forms a highland of Precambrian
icks in eastern Pennsylvania and southeastern New York(see
.gure -16). It is composed of gneisses whiéh have been deformed,
:tamgrphosed, and intruded by syntectonic granitic rocks during
le Grenville orogenic event. Most of the massif Qas unaffected
r Paleozoic metamorphism, except for the northeastern end,
st of the Hudson River, where it has been affected by high
‘ade Paleozoic metamorphism(Dallmeyer,1974).

The rocks of the northeastern end of the massif consist
iiefly of biotite—-quartz—-feldspar paragneiss, amphibolite,

id hornblende—-quartz—-feldspar orthogneiss, classified as
:presenting hornblende aranulite facies regional metamorphism.
ey form narrow structural blocks which are separated by a
:ries of northeast trending high angle faults, and which are
‘erlain by a Lower Cambrian quartzite unit that grades upward
‘to Middle to Upper Cémbrian to Lower Ordovician carbonate
cks. The Paleozoic retrograde alteration(garnet grade) of

e prograde Grenvillian assemblages is widespread eést of the
dson River, and less intense to absent west of the river
)allmeyer,1974). This observation is supported by the fact
at the Cambrian-Ordovician section also shows no Paleozoic
tamorphic effects west of the Hudson River.

The Reading Prong massif lies approximatly 1500;kilometers

the southwest of the study area, making detailed structural
d/or metamorphic correlations meaningless. Thg'fwo areas,
wever, do show noteworthy similarities on the large scale.

th areas contain Grenvillian basement gneisses which show
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avidence of up to granulite facies prograde metamorphic mineral
assemblages. It appears that a large portion o% the Reading
Prong massif, however, is not as affected by Paleozoic retro-
grade metamorphism as is the Long Range Coméiex of the study
area.i This may be due to the greater area of the Reading Prong
massif, or to differing intensities of the Paleozéic events.

The Paleozoic cover in both the Reading Prong and the
study area contains quartzites and carbonates, indicating a
Paleozoic tectonic hisﬁory involving similar elements of the
Early Paleozoic continental margin of North America. Furthermore,
the east to west decrease in intensity of Paleozoic metamorphism,
developed in both the Peading Prong massif and in the Long Range
Complex of the study area, implies a similar style of deformation
for both areas. The common occurrence of northeast trending

high angle faults, in both areas, is yet another similarity.

V-4 Berkshire massif

The Berkshirevmassif forms a highland area in western
Massachusetts and Connecticut(see figure -16), composed of
biotite—~hornblende—-quartz paragneiss, granitic gneiss, calc-
silicate rocks, and amphibolite, deformed during the Grenville
orogenic event. The western end of the massif is composed of
imbricate thrust slices of recumbently folded Precambrian
gneisses and unconformable Lower Cambrian and Upper;Precambrian
metasedimentary cover (Dalton Formation and Cheshige Quartzite).
These assemblages are thrust over Lower Cambrian to Upper and
Miadle Ordovician sedimentary ;ocks which were deformed prior

to overthrusting(Ratcliffe,1969).
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A blastomylonite fabric related to the thrusting, is
developed in the Berkshire gneisses. This fabric is parallel

to, and best developed near, the base of the thrust slices.

-

The thrust fabric post-dates two folding events and a meta-
morphic event of Paleozoic age, but is cut by a'granitic intrusion
dated isotopically as Late Ordovician in age. This indicates

a Taconic age for the thrusting(Ratcliffe and Harwood,1975).

The thrusts were later folded, which produced a crenulation

in the thrust related fabric. This may be an Acadian effec;.

A similar history is reported at the north end of the Berk-
shire massif, where Taconic thrusts and associated recumbent
folds are refolded. The Precambrian rocks, here, exhibit
mineralogies and textures suggesting that they were metamorphosed
to at lesst kyanite and probably sillimanite grade, before
Paleozoic metamorphism(Norton,1275). These assemblages were
later retrogressed by lower grade Paleozoic metamorphic events.

Once again, as is the case for the Reading Prong massif,
large scale comparisons may be made between the study area and
the Berkshire massif. The striking similarity here, is the
Paleozoic thrusting of a slice assemblage of folded and faulted
basement and cover rocks, westward, above deformed Paleozoic
cover rocks. The major difference, however, is the association
of a blastomylonite fabric with the thrusts in the Berkshire
massif. Similar fabrics occur in the study area,’bét do not
appear associated with thrusts, although these were not studied
in detail. A mylonitic fabric is developed aloggfthe Grand Lake
Thrust to the north of the study area near One Mile Pond, however

(Kennedy,1978) .
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The Berkshire massif, like the Reading Prong massif and
the study area, contains evidence of prograde Grenvillian

metamorphism. retrograded by Paleozoic metamorphic events.

In this(Berkshire) case, the Grenvillian event produced kyanité
and éillimanite_grade assemblages which are retrograded by the
later Paleozoic events, but the east to west decrease in Paleozoic
metamorphic grade is not noted here.

Both areas(the Berkshire massif and the study area)contain
Paleozoic granites intruding the Precambrian basement. In the
Berkshires, the granite is post thrusting. In the study area,
however, one of the granites(the Hare Hill granite) is near
the Grand Lake Thrust but never cuts it, nor are any igneous
rocks found west of this thrust, indicating the thrust is
probably later than this intrusion.

The greater abundance of thrusts in the Berkshires may
indicate that this massif is more allochthonous than the Reading
Frong or the Long Range Complex of the study area. Alternatively,
it is possible that the study area contains more thrusts than
are recognized, and that these are folded or obscured by later

events.
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VI GENERAL SYNTHESIS AND CONCLUSION

VI-1 Introduction

A general synthesis giving the'possiblé’ages, significance,
and déformational history for the different map units is given
here. This is divided into two sections; the depdsitional
vhase, and the deformational phase(Paleozoic deformation).

This is followed by a section relating the results of the study
to the present model for the formation and subsequent destruction

of the Farly Paleozoic continental margin of North America.

VI-2 Depositional Phase

The oldest rocks of the map area are the gneisses and
anorthositic rocks(map units la, b,c,d and e) of the Long Range
Complex, which form a basement to the other units. The gneisses
are correlated(section V—-2C) with isotopically dated (Lowden,
1961: Dallmeyer,1978) Grenvillian gneisses of the Indian Eead
Complex; while the anorthositic rocks are interpreted as Pre-
cambrian because of their close association with the gneisses
in both the Indian Head Complex and study area, and because
most anorthosite occurrences are of Precambrian age(Foland
and Muessig,1978).

The calc-silicates and quartzites along Grand Lake and
on "Bear Ridge" (map unit 1lc ) are assumed to be Pre¢ambrian
because they lie within the gneisses, and calc—siiicates
have been interpreted as such in similar geological settings
to both north (Knappr, Kennedy and Martineau,1979) and south
(Herd,1978). Calc-silicates and quartzites also occur within

the Precambrian Grenville structural province of the Canadian
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Shield, further supporting this assumption.

The Grenﬁillian Long Range Complex forms Eﬁe basement to
the other units, and as such contains structural and meta-
morphic features not developed in the later cover units. The
isotobic ages obtained in the Indian Head gneisses(800-900
million years) almost certainly record the last major pre
Paleozoic metamorphic and deformational event affecting this
basement.

In the map area, the Grenvillian features have been obscured
considerably by the later (Paleozoic) events. Some of these
(Grenvillian features) are the gneissosity in the Long Range
Complex, and the relict granulite facies mineral assemblages
and textures in the granitic gneisses.

Following its Grenvillian deformation, the basement
(both Indian Head Complex and Long Range Complex) was intruded
by a grouo of near vertical, north to northeast trending mafic
dvkes. Those within the Indian Head Complex, however, are
undeformed, and although they are altered, show relict igneous
textures (Colman-Sadd,1969). This indicates that they are vounger
than the last Grenville deformation affecting the gneisses.

In the map area, these dvkes are deformed and metamorphosed.
This indicates that these deformational events(in the dykes

of the study area) must be post Grenville, and furthermore

that they do not extend as far west as the Indian Héad Complex.
The deformations and metamorphic events registered,in the dykes
of the map area, are used in the next section in characterizing
the Paleozoic deformation and its northwestward decline in

intensity.
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The Loon Pond metasediments (in the southeast) and Grand
Lake Brook Group(in the northwest) were probably deposited as

cover on the Grenvillian basement at roughly the same time,

or slightly later than, the intrusion of the mafic dykes.

The gact that no dykes are found in the cover of both the
map area and the Indian Head Complex, indicates that these
(dykes) are probably slightly older (Late Precambrian to Early
Paleozoic) than the cover.

The protoliths of the Loon Pond metasediments are mainly
psammitic to semipelitic, with rare calcareous layers. No
stratigraphy is given in these because of the complex deforma-
tion; but the psammitic units probably represent sediments
derived from erosion of the basement, while the more pelitic
and calcareous units represent later marine deposition, once
erosion of the local basement ended.

Similarly, the protolith of the Grand Lake Brook Group
is mainly pelitic with minor calcareous beds, indicating that
it may be broadly equivalent in age to the later semipelitic
units of the Loon Pond metasediments.

To the west, near the Indian Head Complex, clastic and
carbonate cover rocks unconformably overlying the basement
gneisses are interpreted to be roughly of similar age to the
cover units in the map area. These are'the‘Kippens; March
Point and Petit Jardin Formations, which have been éalaeonto—
logically dated as Cambrian(Riley, 1962). ;

The carbonate rocks of the map area lie copférmably above
the Grand Lake Brook Group(H. Williams, pers. comm.). These

rocks are correlated with the St. George Group and Table Head
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Formation to the west, and form part of an extensive carbonate
bank extending the length of the Appalachians, from Newfoundland
to Alabama(Rodgers,1968; Williams and Stevens,1974). The
bank ranges in age from Early Cambrian to Middle Ordovician.

Péssibly the latest rocks to form in the map area are the

pink, medium to coarse grained, massive felsic intrusions
(Hare Hill and "Goose Hill" granites, and "Tulk's Pond" syenite),
These bodies are massive, show no evidence of relict high grade
Grenvillian metamorphism, are discorda:; : to the gneissosity
of the host, and do not have any equivalents in the Indian

Head Complex. No mafic dykes were observed in these.

VI-3 Deformational phase

The map area contains evidence of Paleozoic deformation,
and its decrease in intensity toward the west. The overall
northeast structural trend of the area is of Paleozoic age
since it is best developed in such cover lithologies as the
Ordovician limestones(map unit 4), the Cambrian Grand Lake
Brook Group(map unit 3), and Late Precambrian to Early
Paleozoic Loon Pond metasediments (map unit 2). It is poorly
developed in the Grenvillian Long Range Complex, especially
in the northwest domain gneisses.

The earliest recognized Paleozoic deformational-avent in
the map area, varies in intensity from southeast to'horthwest
across the area. In the Loon Pond metasediments Eﬁe event

may have produced the dominant schistosity(associated with up

to kyanite grade assemblages in one sub-unit), and the



137

bedding plane faults. Both of these features may reflect an
isoclinal folding event.

The event is recognized in the Long Range Complex to

the northwest, specially within the southeast domain, where
it produced northeast trending folds in the gneissosity with
an associated amphibolite facies axial planar fabric. The
mafic dykes intruding this domain also contain a related,
parallel, amphibolite facies fabric and truncate the folded
gneissosity, indicating that it(gneissosity) is an earlier
Grenvillian feature affected by the Paleozoic event.

In the northwest domain, the northeast trending folds are
not so common as in the southeast ddmain, ahd may be locally
associated with a lower grade, greenschist facies, fabric.
This apparent northwestward decline in intensity of the deforma-
tional event is further substantiated by a drop in metamorphic
grade of the fabric in the mafic dykes, from amphibolite facies
in those of the southeast domain to greenschist facies in
those of the northwest domain.

This deformational event is difficult to correlate across
the Grand Lake Thrust because of the drop in metamorphic grade
across this feature and its(the deformational event) north-
westward decrease in intensity. The northeast trending folds
in both the carbonate rocks and in the Grand Lake Brook
Group (where they are associated with a chlorite zoné green-
schist facies phyllitic cleavage) are possibly related to
this deformational event, indicating that the folding
continues farther westward than its associated metamorphic

fabric.
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The fabric associated with this event is not recognized
in the basement gneisses of the Indian Head Complex to the

west (where the mafic dykes show relict igneous textures

(ophitic) with only minor alteration), but may be related to
the open folds in the cover, indicating that the event extends
farther west in the cover.

A later, Paleozoic, deformational event is present in
most units of the map area. In the Looh Pond metasediments,
the crenulation cleavage (associated with retrograde green-
schist facies metamorphism in correlative rocks north of
Grand Lake (Kennedy, pers. comm., 1979) may be related to
this event.

In the Long Range Complex gneisses of the southeast
domain, this deformational event is associated with retro-
grade greenschist facies metamorphism, but no associated
folds are recognized. Similar retrograde greenschist facies
mineral assemblages occur within the northwest domain
gneisses; but it is difficult to determine whether the
assemblages are related to the earlier Paleozoic event
(which may decrease in intensity to greenschist facies
assemblages to the northwest), to a Grenvillian retrogression,
or to this later event. The fact that retrograde greenschist
facies mineral assemblages occur in the mafic dykes énd
possibly in the felsic intrusions(map unit 5) (which are mas-
sive and may postdate the earlier Paleozoic event) 'indicates
that the later Paleozoic event did affect the hos£.northwest

domain gneisses.
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Again, as is the case for the earlier Paleozoic event,
this later deformational event is difficult to correlate

across the Grand Lake Thrust. A reasonable aésumption is

that the event produced the lower greenschist facies
crenu{;tion to phyllitic cleavage in the Grand Lake Brook
Group.

| ~To the west, in the Indian Head Complex, the effects
of this deformational event, if any, are not determined.
The retrograde greenschist facies aiteration which occurs
here, may be Grenvillian, or associated with either of the
Paleozoic events.

The exact age of the Grand Lake Thrust is unknown.
However, it is most likely related to one of the Paleozoic
deformational events described above. The contrast in
metamorphic grade in the cover units on both sides of this
fault, may indicate that the Grand Lake Thrust is a
later feature, possibly representing a late compressive
pulse.

A minor folding episode with east trending open folds
may be present on both sides of the Grand Lake Thrust, indicating
that it(the folding) is a later feature. These folds may be
developed in the carbonate rocks in the west, as well _as in

the Loon Pond metasediments in the east. The folds have

no associated fabric. *
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The last deformation in the map area formed the high
angle block faults which cut all units, as well as the Grand
Lake Thrust. These may be related to similar faults which
cut Cérboniferous sediments tOo the northeast, near Deer Lake
(Webb,1969), but could also be older reactivated features.
The Cabot Fault, which marks the eastern boundary of the map
area, similarly, cuts Carboniferous rocks near Deer Lake,
definitely indicating some Carboniferous movement did occur

in the area.

VI -4 Model

The units and structures of the map area may be explained
in terms of the present model for the construction and subsequent
destruction of the Early Paleozoic continental margin of North
America(see figure -13).

In terms of this model, the Grenvillian Long Range Complex
forms part of the ancient craton which was rifted in the early
stages of development of the ancient margin. Fragments of
the ancient craton may be seen the entire length of the
Appalachians(see figure -16). These occurrences are referred
to as Grenvillian inliers. They are characterized by isotopic
ages of about 800 to 1000 million yeais, and are part of the
Grenville Province of the Canadian Shield, exposed Lﬁ horsts
or anticlines. 2 

Possible correlatives to the Long Range Complex of the
study area are the gneisses of the Great Northern Peninsula

and Indian Head Complex in Newfoundland. Other Grenvillian
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inliers to the south are the Green Mountains of Vermont,
the Berkshire, Housatonic, Mew Milford, and Hudson Highland
massifs of the northern United States, and the Blue Ridge
massif of the southern United States. A Grenville basement
sliceﬂ imbricated within the internal domain of the Quebec
Appalachians at Saint-—-Malachie, may also be.included in this
~group(Vallieres, Hubert and Brooks,1978).

The Grenvillian basement was intruded by mafic dykes
during the rifting stage which produced the Proto-Atlantic
Ocean (Iapetus). These dykes are present in both the Long
Range Complex of the study area and in the Indian Head Complex,
‘where they crosscut the Grenvillian gneissosity, but are unknown
within the Paleozoic cover lithologies. Similar dykes have
also been revorted in the Fleur de Lys Supergroup cover seguence
of the Burlington Peninsula(deWitt,1272; Bursnall,1975; Bursnall
and dewitt,1975), as well as in the Grenvillian gneisses of
the Great Northern Peninsula(Clifford,1965,1969; Pringle, Miller
and Warrell,1971; Strong and Williams,1972; Strong,1974). It
is not known why the dvkes are absent in the cover units of
the map area. A likely explanation is that the cover sediments
of the map area were deposited after the rift related intrusions
were emplaced. The dvkes are, therefore, Late Precambrian
(post Grenville) to Early Paleozoic in age.

The Loon Pond,metasediments(southeast) and Graﬁd Lake
Brook Group(northwest) were probably deposited as éover along
the rifted basement margin, roughly at the same time(or slightly
later) as *“he mafic dyvkes were emplaced(probably as feeders

to rift related volcanism not represented in the map area).
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The psammitic units in the Loon Pond metasediments probably
represent the earlier sediments derived from local erosion
of the rifted basement. The more pelitic layers of the Loon
Pond metasediments are probably correlative to the dominantly
pelitic Grand Lake Brook Group, and both are probably equivalent
in age to the clastic to carbonate rocks of the Kippens,
March Point and Petit Jardin Formations near the Indian Head
Complex. These sediments probablv represent later deposition
when the margin was more fully developed, and the local source
of coarse clastics was cut off by the development of a carbonate
platform to the west. The association of calcareous beds
with the semipelitic layers in the map area supports this.
Eguivalent clastic cover lithologies along the length
of the Appalachian system are; the Fleur de Lys Supergroup of
the Burlington Peninsula of Newfoundland, the Rosaire and
Caldwell Groups of Quebec, the Mendon Group and Pinnacle
Formation of Vermont, and the Glenarm Series, Lynchburg Forma-
tion and Ocoee Group farther south. Parts of the clastic
sequence also occur in the allochthonous terrains of the
Humber 2zone of Newfoundland(Maiden Point and Summerside Forma-
tions).
The carbonate rocks are correlative to the St. George
Group and Table Head Formation to the west, and form part of
an extensive carbonate bank which follows closely t?e locus
of Grenvillian inliers the length of the Appalachians, from
Newfoundland to Alabama(Rodgers,l968; Williams and Steven,1974).
This bank ranges in aée from Early Cambrian to Middle Ordovician,

and marks the final stage in the development of the margin.
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The oldest deformation in the study area(Grenville)
afiected only the Long Range Complex rocks and is unrelated
to the Late Precambrian to Early Paleozoic evolution of the
ancient continental margin of North Americéj The later Paleozoic
evengs, however, are probably related to the destruction of
this margin.

It seems likely that the first event, which decreases in
intensity from southeast to northwest, represents the Early
to Middle Ordovician Taconic Orogeny (Rodgers,1971; Williams,i979).
The southeast to northwest decrease in metamorphic grade of
this deformational event may indicate that the locus of
most intense deformation(the edge of the Grenville basement)
was to the southeast. The rapid east to west decrease in
intensity of folding in the Long Range Complex, relative to
the cover which is tightly folded throughout the area, may indicate
that the basement behaved competently relative to the cover,
localizing the most intense deformation near its margin.

Farther west, the deformation produced by this event
is weak or absent in the Indian Head Complex. Other features
of the Taconic Orogeny near the map area are; the pre Middle
Ordovician unconformity in the carbonate bank, the thick ac-
cumulations of east derived flysch, and the presence of the
Bay of Islands Allochthon. These features may be slightly
later than the deformation in the map area, since‘tﬁe map
area is nearer to the basement edge where the deformation
was most intense, and probably longest-lived. Théistructural
and metamorphic history of the cover is more complex to the

east, supporting this.
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The Taconic Orogeny is interpreted by some(Williams,1979)
as markiﬁg the closure of the Iapetus Ocean. )

Thé later Paleozoic event may be related to the Acadian
Orogeny of Devonian age. Some Acadian features may be the
faulthk which bring up the Indian Head Complex as a horst
through the Paleozoic cover; and possibly the felsic intrusions
and later Grand Lake Thrust in the map area, although these
may also be Late Taconic features.

The Acadian Orogeny is interpreted by some workers as a
late compression after the closure of the Iapetus Ocean(Williams,

1979),and by others as a final continental collision, and closure

of the Iapetus Ocean(Bird and Dewey,1970; McKerrow and Cocks,1977).

VI-5 Conclusion

The study area is composed of a folded and faulted slice
assemblage of Precambrian Grenville basement and Late Precambrian
to Lower Paleozoic metasedimentary cover, thrust westward into
juxtavosition with deformed platformal Paleozoic cover rocks
~during the Lower Paleozoic destruction of the Early Paleozoic
continental margin of North America.

The Grenvillian basement rocks, here named the Long Range
Complex, are composed of granitic gneisses, hornblendg—plagio—
clase gneisses, calc—-silicates and quartzites, foliated granite,
and anorthositic rocks. The gneisses exhibit relicf prograde
granulite facies mineral assemblages and textures;,now largely
altered by retrograde Paleozoic metamorphic eveqﬁé and related
deformations which are also recorded in Late Precambrian to

Lower Paleozoic mafic dykes.
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The cover rocks consist of the Loon Pond metasediments
in the east, and the Grand Lake Brook Group and carbonate
rocks in the west. These are affected by both prograde and
retrograde Paleozoic metamorphic events(and;}elated folds) ,
which’also produced the retrograde assemblages in the Grenville
basement gneisses.

The earlier Paleozoic(Taconic?)deformation appears to
increase in intensity to the southeast. Evidence for this is
the northwestward decrease in Paleozoic folding and metamorphic
grade in the Long Range Complex, and the overall decrease in
tightness of Paleozoic folds in the cover units, from the |
study area westward to the Indian Head Complex area. Later
Paleozoic folding and metamorphism(Acadian?) is.also recorded
in the area, but is less intense and difficult to characterize.

The Long Range Complex is intruded by Paleozoic felsic
intrusions which predate the Grand Lake Thrust. This fault
juxtaposes the Long Range Complex and Loon Pond petasediments
(slice assemblage) against the previously deformed, platformal,
Grand Lake Brook Group and carbonate rocks. Both intrusions

and thrust fault may be late Taconic or Acadian features.

The latest deformational events in the map area, are east
trending open folds of unknown age, and high angle block faulting,

probably of Carboniferous age. '
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